section S1. Surface functionalization characterization
To verify the surface chemistry protocol and successful formation of the DASP monolayer, fluorescent microscopy imaging was performed. This approach leveraged the intrinsic fluorescence of the DASP molecule ( fig. S1 ). As can be observed in fig. S2A /B, when the surface chemistry is not performed and DASP is not present, the fluorescent signal is absent. In contrast, as can be seen in fig.  S2C /D, when the surface is functionalized with DASP, there is bright orange color fluorescence. Additionally, the fluorescence is uniform over the surface of the device, indicating that the monolayer is continuous and uniform. 
section S2. Device characterization
Light from a 1,550 nm narrow linewidth tunable continuous-wave (CW) diode laser (Newport, Velocity Series) was evanescently coupled into and out of the cavities using a tapered optical fiber waveguide. The tapered optical fiber was fabricated by pulling standard SMF-28 fiber in a hydrogen flame. The tapered region was approximately 1-1.3m in diameter. The coupling efficiency was optimized by controlling the distance between the taper-waveguide with the microspheres by a nano-stepping 3-D stage. The output signal was split, with 10% going to an oscilloscope and 90% going to an optical spectrum analyzer ( fig. S3 ).
The laser wavelength is controlled using a function generator. Once a resonant wavelength is identified, the laser is scanned across this wavelength at an optimized rate to ensure minimal distortion of the linewidth. Additionally, the coupling is reduced to minimize loading effects. The Q is calculated by fitting the spectra to a Lorentzian and using the expression Q = λ/δλ, where δλ is the full width at half-maximum (FWHM) determined from the fit.
To characterize the emission behavior, the cavities are brought into critical coupling by bringing the waveguide to close proximity with the cavity. Subsequently, the amount of input power is increased from sub-threshold to above threshold by changing the power of the laser to the cavity. The emission spectra are recorded on the OSA and the results are analyzed in Origin.
fig. S3. Measurement scheme.
Light from the 1,550 nm tunable diode laser is coupled into the microsphere using an optical fiber taper. The optical signal was split by a 90/10 fiber splitter (FS), with 90% of optical signal is coupled into the optical spectrum analyzer (OSA) to capture the output emission signal, and 10% of the optical signal to a photodiode (PD) to monitor the laser transmission signal by Oscilloscope (O-Scope).
To ensure reproducibility of the results, numerous functionalized and non-functionalized devices are fabricated and characterized. This process results in a range of Q factors, enabling rigorous verification that the observed effect is truly the result of the molecular layer and not a device property. The results are shown in figs. S4 to S6. 8 under input power of 1.17 mW. Very weak parametric emission (< -45 dBm) at around 1,550 nm was observed in both spheres. The coexistence of parametric emission with Raman is more apparent in the higher Q device. Anti-Stokes Raman emission was also observed in the higher Q device.
section S3. Theoretical justification for ξ
For a symmetric, whispering gallery mode resonator fabricated from a single material, such as a silica microsphere cavity (1), the theoretical threshold input power for parametric oscillation based on four wave mixing (FWM) can be estimated as (1)
where Qo and QL are the intrinsic and loaded cavity quality factors, n is the linear refractive index, V is the optical mode volume, n2 is the Kerr coefficient, and p is the pump wavelength. Assuming the Q values of the pump mode and the Raman mode are equal (2, 3), the theoretical threshold input power for stimulated Raman can be calculated by
where λP is the pump wavelength, λR is the Raman wavelength, and gR is the Raman gain coefficient.
A simple approach for determining which nonlinear behavior is preferred is to define a parameter  
In dielectric cavities, the Raman and pump wavelengths are similar (e.g. 1,550 and 1,650nm), allowing the approximation of ≈ to be made. Thus
In hybrid systems comprised of more than one material with different nonlinear coefficients, expression (4) can be expanded to
where k is the percentage of optical evanescent field in the second material (by definition, k<1), ′ and λ'R are the Raman gain coefficient and Raman wavelength of the surface layer, respectively. 2 ′ is the Kerr coefficient of the surface coating layer.
Unfortunately, the precise Raman gain coefficient value is not available for the organic molecule DASP. However, the overall Raman gain coefficient at approximately 450 cm -1 of the hybrid microcavities can be estimated to be two times that of gR,silica. Thus, expression (6) can be simplified to 
